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CHANGRS IN THE TOLERANCE OF MAN TO TRANSVERSE ACCILERATIONS

/
A. R. Kotovskaya, R. A. Vartbaronov 21
and S. F. Simpura

Space flights have given rise to a number of problems,
one of which 1s a study of human tolerance to accelerations
in the period of return to earth after a prolonged state of
weightlessness has been experienced. The investigations made
for clarifying this extremely complex problem are of great
gcientific and practical interest.

In fact, in implementing a space research program it is
necessary to have a clear idea of what effect prolonged
welghtlessness may exert on man., The formulation of predic-
tions obviously must be based both on a study of the experi-
cnce obtained both in flights and in laboratory experiments
in which the corresponding weightlessness effects are simu-
lated. It is known that Ilmmersion in water and a prolonged
stay in a horizontal position with limited mobility are forms
of laboratory simulation which can bte used for evaluating the
effect of weightlessness on human tolerance to accelerations.

Orbital flights have demonstrated that cosmonauts are
capable of enduring weightlessness for up to 1l days. However,
these investigations at the same time have revealed some un-
favorable changes in a number of organs and systems in the [g
cosmonaut's body, indicating a decrease of the functional
tolerance of the human body after orbital flignt (N. 4. Sis-
akyan, 196L; O. G. Gazenko, 196L, 1965; Lamb, et al, 196lL;
Berry, 1966; Taylor, et al, 1966).

After flight with a duration greater than one day there
were symptoms of dehydratlion, demineraliration and some other
impairments (W. M, Sisakyan, et al, 196l; Berry, 1966).

In laboratory experiments many investigators have noted

-
-~



similar changes in the functional state of different systems
of the body (L. I. XKakurin, Yu. N. Tokarev, 1962; L. I. Kak-
urin, et al, 1966; Yu. V. Vanyushina, 1963; Deitrick, et al,
19L.8; Taylor, et al, 1949; Graveline, 1952; Miller, 196L;
Potts, Bowring, 1960; Bronnon, et al, 1963, and others).

Data on the effect of prolonged hypodynamia or immersion
in a liquid on tolerance to overloads, deterioration of the
tolerance to the effect of longitudinal (+G_) and transverse
(+G.) accelerations, as well as orthostatic tests, noted by
vir%ually all investigators working in this field (A. R.
Kotovskaya, L. I. Kakurin, et al, 196L; P. V. Vasil'vev, A. R.
Kotovskayva, 1565; Graveline, Barnard, 1961; Graveline, 1962;
David, 1961; HMiller, Leverett, 1965) are of particular in-
terest.

In model experiments investlgatlons have been made of the
tolerance of man to accelerations (+Gyx) with maxirum durations
of hypodynamia up to 20 days (A. R. Kotovskayva, et al, 196,
1567) and 28 days (Miller, Leverett, 1965). Tolerance to /3
overloads has not been studied for hypodynamia of long dura-
tion. However, it 1s of considerable interest to trace the
change of tolerance to the effects of acceleration for hyvopo-
dynamia of different duration. For thils reason we felt it jus-
tifiable to carry out new experiments with subjects who were
exposed to conditions of hypodynamia of different duration.

We believe that the solution of these problems will make
it possible to obtaln data for a more complete forecasting of
the condition of a cosmonaut in the final part of the flight
during return to earth as a function of its different dura-
tion.

This paper generalizes the investigations devoted to the
problem of human tolerance to transverse accelerations after
hypodynamia under conditions of a strict bed regime with a
duration of 3.7-20 and 60 days now at our disposal. Experi-
ments on hypodynamia have been carried out by L. I. Kukurin,
V. I. Slesarev and other investigators.

The experiments were carried out with the participation
of 20 healthy individuals who had been subjected to a special
clinical examination., Tolerance was evaluated on the basis of
the maxirmum magnitude of acceleration acting in a chest-back
direction (+Gy) at an angle of 80° and 65°. The principsl
criterion of tolerance under the influence of acceleraticns
at an angle of 80° was the appearance of relative bradycar-
dia, less frequently visual and respiratory disorders, where-
as at an angle of 65° it was primarily visual disorders.



The collected data on the tolerance toc accelerations and
physiological reactions were statistically processed by the
differences method using the linear unidirectional regression
technigue. In addition, the indices of the ohy3101051cu1 reac-
tion of the subjects were compared as a result of the irmpart-
ing of accelerations of different magnitude with respect to
thelr absolute values and with the initial levels taken into
account. The results of investigation of tolersnce to acceler-
ations after hypodynamia are shown in Fig. 1. 1g

I'his figure shows that the tolerance to accelerations af-
ter a 3-day stay in bed did not change in comparison with the
initial level,

A gradual decrease of tolerance to accelerations was obt-
served after hypodynamia lasting 7 days. After a 15-20-day
gtay in bed this decrease averaged 2.!! units. After a two-
month period of hypodynamia the tolerance to accelerations
was at approximately the same level as after a 15-20-day per-
iod of hypodynamia (2.2 units). Therefore, after a 15-20 day
stay in bed there was no further reduction of tolerance; the
tolerance to accelerations was stabllized at approximately the
same level (2.2-2.L units less than the initial level). The

stabilization of the curve also 1s confirmed by the statistical
unreliability of the regression coefficient for hypodynamia
with a duration from 15-20 to 60 days.

Restoretion of initial tolerance appeared in all the sub-
jects 17-50 days after termination of a 2-month period of
hypodynamia,

Similar data were obtained in an investigation of the re-
action of the cardiovascular and respiratory systems to ac-
celeration. Table 1 gives the frequency of cardiac contrac-
tions in subjects in the initial state prior to rotation and
also under the influence of accelerations before and after
hypodynamisa of different duration.

For greater reliability of the noted changes the change
of the frequency of cardiac contractions in the subjects (14
men) in the initizl state and under the influence of acceler-
ations of 8 and 10 g at the time of background tests prior to
hypcdynamia (=special mean) was compared wiuﬂ the heartbeat
rhythm of a large group of persons (66 subjects) who had not
participated in the experiments (general mean). It was found
that the reaction of cardiac activity in the subjects of the
experimental group in the experiments on the centrifuge
prior to hypodynamia was the ssme as for subjects who had not
participated in the experiment.
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Tarle 1 shows that after a stiy under conditions of a
strict bed confinement in the initiasl state prior to the im-
parting of acceleraticns there was an apnreciable quickening of
the rhythm of cardiac activity and the clarity of expression
of this quickening increased with a lengthening of the durs-
tion of the hypodynamia. It may be assumed that nervous and
emotional stress, causing this change of cardiac activity be-
cause of the impending rotation on the centrifuge, increased
with an increase of the duration of hypodynamia. /6

Table 1
rrequency of Cardiac Contractions Under the Influence of Ac-
celerations Eefore and After Typodvnamia, beats/min
Periocd Initial data After hypodynamia with duration

of study General Special _ o
mean (66 mean (1L 7-12 days  15-20 days 60 days

men) men)
5 min be-
fore 7641 7613 8+10 8848 9ltbsr
1l min be-
fore 85+2 8613 90%15 102:11  10518=
During 8g
acceleration 12i£2 125th 1h7+1h 158%9::  158+11+%
Turing 10g
acceleration 12842 132+5 150+2l 162+85:¢  16)L£8e

Notes: 1. The table gives the mean values, mean error and the
significance level in comparison with the background. % --
0.05, =% -- 0,01, ‘

2. In investigations on the centrifuge the angle of in-
clination of the back of the seat in all cases was 80° to the
acceleration vector.

7
7
Thus, whereas the frequency of cardiac contractions a =

minute prior to the imparting of accelerations after a 7-12-
cday hypodynamia was 90 beats%min, after 15-20- and 60-day
periods of hypodynamia it increased to 102-105 beats/min.
Prior to rotation the pulse rate was 86 beats/min. Under the
influence of accelerations after hypodynamia the heartbeat
frequency differed from the initial values. For example, af-
ter a 7-12~day bedstay the pulce rate under the influence of
an acceleration of 8 g was 1Ii7 beats/min, and after a 15-20-
day hypodynamia it increased to 153 beats/min. Then, after
a 50-day hypodynamia the heartbeat frequency did not change
-- 158 beats/min. Under the influence of an acceleration of
the same magnitude at the time of the initial test it was at
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the level 125 beats/min.

The dynamics of the change of the reaction of the cardio-
vascular system, evaluated from the increase of the frequency
of cardiac contractions under the influence of accelerations
of 8 and 10 g, is shown in Fig. 2.

f'ig. 2 shows that in the first 7-12Z days of hypodynamia
there was a gradual increase in the reactivity of the cardio-
vascular system to acceleration. After 15-20 days the in-
crease of the pulse rate averaged +21#16 beats/min. We note
that after a 60-day period of hypodynamia the average increase
of the frequency of cardiac contractions was the same as after
a 15-20-day bedstay (#31+16). It is interesting to note that
according to the data of the Awerican scientists Miller and
Leverett, after a li-week period of hypodynamia the quickening
of the pulse under the influence of an acceleration of 10.&
g also was the extremely close value +33+20 beats/min. There-
fore, the differences in the increase of the pulse rate after
hypodynamia lasting 15-20, 28 and 60 davs were virtually none-
existent. It may be assumed that after a 15-20 day bed- /8
stay a period of definite stabiliration in the reactions of
the cardiovascular system to the influence of accelerations
setes in.

The reactivity of the respiratory system was evaluated
from the increase of the oxygzen debt and lung ventilation af-
ter termination of rotation (Fig. 3). It was established that
after a three-day period of hypodynamia there were no relia ble
changes of the indices of external resviration in comparison
with the background rotation. fowever, after 15-20- and 60-day
bedstays the difference in the change of lung ventilation and
the oxygen debt was considerable in comparison with the in-
itial effect. For example, the additional increase of lung
ventilation in the period of the aftereffect to accelerations
prior to hypodynamia was 17.3 liters, after a 15-20-day per-
iod of hypodvnamia it was 3.8 liters (that is, the differ-
ence of the increments was an average of 26.5 liters) and af-
ter a 60-day period of hypodvnamia it was 23.3 liters.

Thus, the clarity of expression of the reaction of the
respiratory svstem with recpect tc lung ventilation was ap-
proximately identical after 15-20- and 60-day bedstavs (Fig.
3). The mean values of the maximum endured accelerations be-
fore and after 15-20- and 60-day periods of hyonodynamia were
close (the average difference was 0.8 g).

Since our 1nvestigations were made with the participa-
tion of a limited number of subjects (1C persons), for great-
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er reliability of the determinations of the changes the data
for lung ventilation and the oxygen debt obtained for the sub-
Jects of the experimental group were compared with the data
for a group of subjects (33 persons) not participating in the
experiments with hypodynamia. The conditions of exposure to ac-
celerations were identical.

We compared the changes for each subject separately with
the appropriate values for lung ventilation and the oxygen
debt for the corresponding acceleration to which they were sub-
Jected. The data are given in Table 2.

The data in Table 2 show that it was impossible to de-
tect a reliable change of lung ventilation after a 15-20 day
period of hypodynamia in comparison with a 60-day period.

The difference in the increments of this index after the men-
tioned periods of hypodynamia was extremely close.

Thus, the prolonged presence cf man in a horizontal pos-
ition with limitation of his mobility resulted in a decrease
of the tolerance to transverse accelerations. Attainment of
equivalent magnitudes of acceleration was accompanied by con-
siderably higher functiocnal stress of the physiological svs-
tems of the body. The change of tolerance to accelerations af-
ter dirferent pericds of hypodynamia was different.

For example, after a 3-day period of nhypodynamia the hum=~
an tolerance to accelerations virtually did not differ fron
the initial level. With an increase of the duration of hypo-
dynamia there was a decrease of tolerance. After a 15-20-day
bedstay it averaged -2.) units. However, after a 60-day per-
iod of hypodvnamia this decrease was virtually the same as
after a 15-20-day period of nypodynamia (2.2 units). The reac-
tivity of the physiological systems under the influence of ac-
celerations after these periods of hypodynamla also was ap-
proximately identical. /11

Accordingly, these data indicate that in the case of hypo-
dynamia with a duration of 15-20 and 60 days there was no re-
llable dependence between the degree of decrease of tolerance,
the reactivity of the body and the duration of bed confine-
ment,

We feel that these data are indicative of the development
of a process of singular adaontation to conditions of prolonged
(up to 2 months) hypodynamia, beginning approximately on the
15th-20th day of a severe bed confinement regime. Experimen-
tal data confirming this point of view were obtained in the
experiments of L. I. Xakurin, M. A. Cherepakhin, L. S. fnat-



uesew TBIO8dg (g fuesw TwvJdoUSD (VY

*66°0C UBYZF OJ0W == 3 fG6*) UBUG 840U =-- & 1UBOW TeIdusd o3
UaTM uosTIedwoo £q POUTWJISGSOP SBM S§90USJISJITP oSU3 Jo L3ITTA6TTOL 8yl °¢
*osBD OTJTO0ds yoBe UT pojJdedwT SUCT3BASTSO
-0® SUq 2UNGCOOE C3UT BUI¥EB] POUTBICO BIED JUTPUGCESSJI0D 8Y3 WodLJ ©32TPUT PeIBOIP
~UT oyq JO s8n{eA [BN30B 9U3 JO SUOT3BIASP 9Ujg SOATZ ursw Tevroeds oyl *2
*gsqo9fgns ¢ J0J ucIjeATASSL TBUIS]
-X0 U0 BQRP 93NTOSQ® JO STSBQ 9Y3d UG POUTWJISLOP SBM UBSOW TBJIBUSS 8L, °*T :S83CH

wh 63z Co+ 6 2+ T2 6°€+9°C- L 2F76°GZ #%9°9F6°0c+ L°2gF6°Ge T ur ‘ucii
-8IT3U8a Juntg
JO jusuaJaouT

##9TF2g9+ 8L¥g69 BIHT-  9L¥86L - - Tw Ut

€1q0p USTAX(

d A4 ! VA d A §90TPUT

BTWBUAPOALY eTuBUAPOdAy IBOTIHOT

Jo potded Lep-05 493JY BTuweUApodAy 984G Jog JG sAep 0z-91 491]JY -oT3Aug
#6°GF2CT- 2°¢Fet g T¥2 0~ €°¢FNro+ €°€Fg g T ur ‘ucii

-BTTI3uUsA JFunt
Jo juswaJdoul

Tw ut
- - STF9- LOTF48+ 08FTz  ‘aasp uedixQ
£80TPUT
a v eTuRUAPOCdAY o v TBOTZCT
sTweukpodiy eacJeg Kep-{ J83jy  evTumuApodLy edcjeg -GTsAUd



ovskiy, G. I. Xozyrevskaya, and others (1967). It has been eg-
tablished by the authors that in the course of a 2-month per-
iod of hypodynamia in its second half there is a gradual nor-
malization of a number of indices of water and mineral meta=-
bolism, the blood system and other systems of the body. For
example, according to the data of G. I. Kozvrevskaya (1967)
the maximum release of electrolytes (K, Na, Ca, P) was ob-
served in the third-fourth weck of hypodynamia; then this re-
lease decreased and by the end of the 60-day experiment at-
tained the initilal values. Similar data were obtained concern-
ing a number of other indices.

Thus, the results of investigations make it possible to
assume that with respect to tolerance to accelerations in the
course of hypodynamia there are two phases of change of the
reactivity of the body: the first phase, with a duration of
15-20 days, 1s characterized by a gradual decrease of toler-
ance to accelerations and an intensification of the clarity
of expression of the reactions of the body; the second phase
is stabilization, when the reaction of the body and the tcler-
ance to accelerations are maintained at the attalned level,
corresponding to the 15th-20th day of the hypodynamia.

The possibility of extrapolation of the data obtained for
a state of hypodynamia to the conditions of weightlessness in
space flight is of unquestionable interest.

According to the reports of a number of investigators
(Cerry, 1966; Taylor, 1966 and others), during space flights
the cosmonauts experienced a reduction of orthostat ic toler-
ance, beginning with a 3li-hour stay in a state of weightless-
ness. However, after a lli-day flight changes of orthostatic
tolerance were even less clearly expressed than after an 8-day
flight.

Therefore, during prolonged orbital flights Berry and
other investigators feel that cosmonauts undergo adaptation
to the conditions of weightlessness. In actuality, in rmlti-
day flights of man and animals 0. G. Gazenko, N. 1. Sisakyan
and others (196!l;) observed manifestations of a certain adap-
tation to the effect of weightlessness, evaluated from every-
day reactions and the state of the most important physiolog-
ical systems.

Proceeding on the basis of general blological premises,
some authors feel that mechanisms of adaptation must be in-
cluded in the general reactions of the body to weightlessness,
making it possible to reduce to a minimum the unfavorable

effects of this factor (Yu. M. Volynkin, P. P. Saksonov, 196l;




V. 7. ?Parin, V. I. Yazdovskiy, 1962; L. I. Kakurin, 3. S. Kat-
ovskiy, 1962; L. I. Kaekurin, 3. S. Katovskiy, et al, 1966).

Thus, the experimental data which we obtained, as well as
data in the literature, apparently indicate the existence of
general mechanisms of the adaptsation of the human body to con-
ditions of weightlessness and hypodynamia.
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FIGURE CAPTIONS

Fig. 1. Change of tolerance to transverse accelerations as a
function of the duration of hypodynamia: the dots represent
individual cases of the difference of the maximum endurable
magnitudes of accelerations with inclination of back of seat

of 100; the squares represent an angle of 25° to the horizon-
tal,

Fig. 2. Change of frequency of cardiac contractions under tne
influence of accelerations of 8 and 10 g after hypodynamia of
different duration. Angle of inclination of back of seat was
€0° from acceleration vector.

Fig. 3. Changes of lung ventilation (filled squares) and oxy-
gen debt (open squares) after imparting of maximum endurable
accelerations as function of duration of hypodynamia.

A) Days; B) beats/min; C) Pulse rate; D) at 8-g level; E) at
10-g level; F) Duration of hypodynamia; G) Lung ventilation;
H) Oxvgen debt
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